Increasing evidence suggests that G protein coupled receptors (GPCRs) interact directly with other signaling proteins, possibly causing G protein-independent effects of receptor activation. These receptors have long been known to interact with proteins involved in control of receptor sensitivity such as β-arrestins and G protein coupled receptor kinases (Bunemann and Hosey, 1999) . However, evidence has now accumulated suggesting that various GPCRs interact with Jak tyrosine kinases (Marrero et al., 1995; Ali et al., 1997) , the immediate early gene product Homer (Xiao et al., 1998) , Na + /H + exchange regulatory factor (NHERF) (Hall et al., 1998) , serine-threonine kinases and phosphatases (Shih et al., 1999) , calmodulin (Wang et al., 1999) , the multifunctional protein gClq-R (Xu et al., 1999) , endophilins (Tang et al., 1999) , and the tyrosine kinase Src (Luttrell et al., 1999) . It is not yet clear whether such associations require G protein activation, or whether they may initiate G protein-independent signaling events.
We studied the signaling events activated by human α 1 -ARs stably expressed in PC12 cells. Like other GPCRs, α 1 -ARs activate mitogenic responses in many cells, and play important roles in regulating growth and proliferation (Zhong and Minneman, 1999b) . In rat PC12 cells stably transfected with α 1A -ARs, norepinephrine (NE) activates a variety of mitogen activated protein kinase (MAPK) pathways and causes the cells to differentiate into a neuronal like phenotype similar to that caused by exposure to nerve growth factor (NGF) (Williams et al., 1998; Zhong and Minneman, 1999c) . These responses are associated with activation of a variety of tyrosine kinases, particularly Pyk2
and Src (Zhong and Minneman, 1999a) . In addition, NE activates a series of transcriptional reporters in α 1A -transfected PC12 cells, including reporters containing consensus binding sequences for AP1, SRE, CRE, NFκB, NFAT, GAS and Stat
The shortest effective deletion was the loss of the 1 st three amino acids (217-219) from the N-teminus of the 3 rd intracellular loop. In addition, Wang et al found that mutation of the conserved tyrosine 348 to alanine in the conserved NPXXY motif of the 7 th transmembrane domain of the hamster α 1B -AR resulted in a receptor that was unable to activate second messenger pathways (Wang et al., 1997) .
We have now made analogous mutations in the human α 1A -AR, which we have previously shown to cause the strongest mitogenic and transcriptional responses in PC12 cells. We report that deletion of the N-terminal 3 amino acids from the 3 rd intracellular loop results in a receptor with an uncoupled phenotype, and use this receptor to determine whether any of the responses we have observed are independent of G protein activation.
7 1-2 days and production of total [ 3 H]inositol phosphates in the presence of 10 mM LiCl determined as previously described (Esbenshade et al., 1993) .
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] i determinations. [Ca 2+ ] i transients were determined using fura-2 as described previously (Esbenshade et al., 1993) .
Immunoblotting. Confluent cells were serum-starved for 2 hr before use, and drug treatments generally carried out for 15 min at 37°C. After stimulation, cells were lysed, centrifuged, proteins resolved by SDS-PAGE, and transferred to nitrocellulose.
Phosphorylation of ERKs and JNKs was detected by immunoblotting using using antibodies to dually phosphorylated active forms of the enzymes (Williams et al., 1998) .
Protein tyrosine phosphorylation was detected by immunoprecipitation with an anti-Pyk2 antibody, and immunoblotted using an anti-phosphotyrosine antibody (Zhong and Minneman, 1999a) . Human α16 immunoreactivity was detected with an antibody generously provided by Dr. John Hepler (Emory Univ.).
Luciferase reporters: PC12 cells were further transfected with retrovirus coding for luciferase reporters containing consensus sequences for various transcription factors (Abbott et al., 2000) . Luciferase activity was determined as described previously (Minneman et al., 2000) .
8 electrophoresis on a 4-12% Tris-Glycine gel (Novex, California, USA). After transfer to nitrocellulose, samples were immunoblotted for Gα q using a monoclonal antibody against the EE epitope (1:1000, Covance, California, USA) and horseradish peroxidaseconjugated goat anti-mouse IgG antibody (1:3000, Promega, USA). Bands were visualized by an enhanced chemiluminescence system (Perkin Elmer, MA, USA).
This article has not been copyedited and formatted. The final version may differ from this version. showed that the two constructs showed identical affinities for the α 1 -selective antagonist prazosin, the α 1A -selective antagonist (+)niguldipine, and the α 1D -selective antagonist BMY7378 (Fig. 2) . However, the ∆ 208-210 construct showed a significant 9-fold higher affinity for the agonist NE than did the wild type receptor (Fig. 2) . This increased agonist affinity has been observed previously in uncoupled mutations of other GPCRs (Strader et al., 1987; Wang et al., 1997 Activation of Pyk2: NE also increases tyrosine phosphorylation of Pyk2 in α 1A -AR expressing PC12 cells (Zhong and Minneman, 1999a ). Fig. 6 shows that this effect is also blocked by the ∆ 208-210 mutation.
Activation of transcriptional reporters:
We previously used a variety of transcriptional reporters, consisting of repetitive DNA binding elements upstream of the luciferase gene, to characterize transcriptional effects of α 1A -AR activation in PC12 cells (Minneman et al., 2000; Zhong et al., 2000) . NE was found to activate reporters for AP1, SRE, CRE, NFκB, NFAT, GAS and Stat in these cells (Minneman et al., 2000; Zhong et al., 2000) . Fig. 7 shows that none of these transcriptional responses were observed in PC12 cells expressing the ∆ 208-210 uncoupled receptor, suggesting that they all require G protein activation.
Effect of overexpressing Gα16: Several reports have suggested that the Gαq/11 family member Gα16 can promiscuously couple a variety of receptors to the phospholipase C/calcium signaling system. We determined whether overexpression of Gα16 could rescue the ∆ 208-210 uncoupled receptor and reconstitute signaling. Fig. 8 proteins, and other signaling molecules has raised the possibility that GPCR activation may actually result in multiple signaling cascades, some of which may be independent of G protein activation and second messenger production. We have previously examined the effect of stably transfected α 1A -AR activation in PC12 cells, and found that these receptors cause a wide variety of second messenger, mitogenic, and transcriptional responses (Zhong and Minneman, 1999c; Zhong and Minneman, 1999a; Zhong et al., 2000) . Some of these responses do not appear to be downstream of second messenger production (Berts et al., 1999; Zhong and Minneman, 1999c; Zhong and Minneman, 1999a) , suggesting that they may G protein independent. However, the results presented the hamster α 1B -AR had been shown to be uncoupled from Gαq/11 and Gα14, but to show a weak coupling to heterologously expressed Gα16 (Wu et al., 1995) . In fact, Gα16 has been shown to be relatively promiscuous in coupling GPCRs to signal activation, and has been proposed to be a "universal" assay for GPCRs (Kostenis, 2001 ).
Although we were able to obtain good heterologous expression of Gα16 in our PC12 loaded with fura-2 as described and stimulated with 100 µM NE at the arrow.
Phentolamine (10 µM) and UTP (100 µM) were given at the indicated times.
Shown is a single experiment, respresentative of three experiments with similar results. Over the three experiments, the effect of the mutation on the response to This article has not been copyedited and formatted. The final version may differ from this version. (Del) α 1A -ARs were transfected with retroviral luciferase reporter constructs for AP1, SRE, CRE, NFκB, NFAT, GAS or Stats as previously described (Minneman et al., 2000) . NE (100 µM), vehicle, or positive controls (100 nM PMA for AP1, NFκB and SRE reporters; 100 nM PMA + 100 nM ionomycin for NFAT; 10 µM forskolin for CRE; 100 ng/ml interleukin 6 for GAS and Stat) were added to cells for 4 h before harvesting and performing luciferase measurements. The response to NE is expressed as a percent of the response to the positive control, and is the mean ± S.E.M. of 4 experiments performed in duplicate. 
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